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INTRODUCTION AND SUMMARY
This réport gives the status of the subject contractual effort for Phase III
covering the period of November 196l to satisfy the report requirements of the

contract,

A technical review meeting waa hsld at NASA Headquarters at the request of
NASA-LRC personnel where Goodyear Aerospace (GAC) and Westinghouse personnel
sumarized the results of the lenticular satellite studies conducted under con-

tract to date,

Cognizant NASA-Headquarters, Goddajrd and Langley personnel were present to

review technical progress in the lenticular satellite area and utilize this
information for passive communications satellite systems planning., Copies of
technical memoranda presented at the meeting and supplementary information are
included in this report as Appendices for information only. Further information
on program goals can be obtained in Reference 1, Reference 2 concerns Phase I

of this program and covers the first two coordination meetings., Reference 3
concerns Phase II of this program and covers the third, fourth and fifth coordina-

tion meetings.

Appendix A is 3 copy of the flip charts used by GAC at the sixth coordination

- meeting at NASA-Headquarters to review the lenticular satellite work done under
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contract with NASA-LRC since July 1963. Page A-3 gives a good history of this
work along with listing pertinent documents and milestone dates for further informa-
tion, These charts provide summary information and the reader is directed to use

the referenced documents for technical details,

Appendix B is a study of the lenticular satellite weight and provides evaluation
of the areas of potential weight reduction. A summary of this information was
presented in Appendix A.

Appendix C considers a tumbling satellite from a structural viewpoint. Pitch

and roll axis tumbling were investigated to determine representative forces and
moments acting on the tetrapod apex. The effects of these forces. and moments
on the tetrapod booms were also presented. A summary of this information was

presented in Appendix A,

Appendix D is a study of the 6anister gseparation welocity for representative
symmetric and asymmetric satellite configurations., Appendix E presents the_

moments of:ﬂinertia of the baseline symmetrical satellite about its princibal axes
during deployment while Appendix F presents similar data for the baseline asymmetric

configuration.

Copies of Appendix A were given to everyone at the December 15th meeting while
advance copies of Appendices B and C were given to cognizant NASA-IRC personnel,

Appendices D thru F are presented for information,

Revisions. to the analyses are made from time to time as more information becomes
available and new ideas are generated, The final report on the program will

summarize the overall technical achievements and recommend future effort.

—2-
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DESIGN DEFINTION ALTERMATIVES

ASYMMETRICAL vs
SYMMETRICAL

CONFIGURATION § SAIL vs OPAQUE LENS
MATERIALS
STRUCTURE

SPRING - MASS

ARTICULATED
BOOM (S)

HYSTERESIS
(STRUCTURAL ,
MAGNETIC)

STABILIZATION }capTuR

VENETIAN BLIND
(PHILLIPS' CONCEPT)

CONTROLLED YAW ANGLE .
TWO ANGLES CANISTER DRIVE
MULTIPLE ANGLES RIM DRIVE

ON-BOARD COMPUTER Vs ON-GROUND COMPUTER
ELECTRONICS COMMAND RECEIVER \

coiL
REACTION

YAW CONTROL INERTIA DISTRIBUT

INSTRUMENTATION
SOLAR CELL/BATTERY I
POWER SupeLy RADIOISOTOPE
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DES/EN GUIDELINES™

CONFIGURATION

v L 210 LU6-FT

. Tyx (0%2) S6F7

veocrry  I,=10°5LU6 FT )

VECTOoR

@
AMENDMENT &
ORIGINALLY | PRESENT STATUS
A T
SAIL CONFIBURATION STUDY @ oR @
MOBILITY 100 DEEIMO | 100 DEs/ Mo
ORBIT ALTITUDE 2000 N M/ | 2000 ¥/
ORBITAL LIFE CE 4 5 ¥R
ORBIT INCLINATION O 70 90 Des| 6065 DEG
® YAW CONTROL POSITIONS| QSCILATING | 3 OR 5
(PHILLIPS CONGEPT)
YAW CONTROL TOLERANCE — T s
VERTICAL POINTING ERROR | 325 ot | *3 DEG
YAW CONTROL SETTLING TIME — ~ | DAY

(PER GER: usozﬂ (PER GER-11502)

A=1T70 5FoFl,

LENS DIAM LENS DIAM
-267.6 FT -267.6 FT
LENS RADIUS | LENS RADIYS
-200 FT -200 F7T
OOOOOOOOOOOOOOOOO >
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SAIL CONFIGURATION

ALTERNATIVES -AND REQUIREMENTS

A

SAIL IN LENS SAIL (SYMMETRIE)  COATED WIRE

MOBILITY - 100 DEG/MONTH
OPTICAL CHARACTERIST/CS — DIFFUSF

ENERGY INPUTS - SOIAR RADIATION, ALBEDO, RERADIATION

UPSETTING TORQUES-IININUM OR BALANCED
OOOOOOOO semoseace
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SAIL CHARACTERISTICS

MINIMUM REQUIREMENTS RECOMMENDED SOLUTIONS

FLAT SAIL e
- ) =
o | r=080 r,=0.28 GAC TEST
| e:08 ||| €=0.05) pama
H=09 | rp=0.l < —OARK MIRROK- VAPOR peposrs
L=3510-AL-31
£=08 | & =02 | _1/4-MIL  MYLAR
® VAPOR DEPOSIT - METAL OXIOE
OPAQUE LENS o ALOMIEN
e o WEIGHT =243 (10-3) Le/FT?
Z' .

CARBON BLACK SURFACE
5 ETAL WIRES
(o NI« YN o M o SN o)

/4 - MIL MYLAR
VAPOR DEPOSIT

WEIGHT = 3.47 (10-3) LB/FT?
- cooovean senospace >
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®  STATUS OF RELATED NATERIAL
DEVELOPMENT AND TEST

THERMAL COATING STUDIES
PIGMENTED SURFACE COATINGS

ROTOFLEX TESTS - CHECK ADHESION TO MYLAR
-25°c, 23°C, 100°C)

OPTICAL CHARACTERISTICS - g, € (ROOM TEMP)

S EFFECT OF UV - /000 EQUIVALENT SUN HOUR
EXPOSURE, VACUUM - /0°MM Hq

SOLAR SAIL MATERIALS
DARK MIRROR SURFACE TESTS (RT)

UV EXPOSURE IN VACUUM-1000 EQUIVALENT SPACE
HOURS (10® MM HG)

HIGH r, HIGH E SURFACE TESTS (RT)

EFFECT OF UV ON (Xs AND ¢
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ASYMMETRICAL CONFIGURATION
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PRELIMMARY LOADS

SOURCES:
. ORBITAL GER,N277 ¢ 11716
2. TORQUE CoIL  GER 51704
3. DAMPER  GER )1816 APP U,V
4. SAIL GER (1816
5. PHOTOLYSIS OF FLM  GER lelé, APpP P

APPLICATION W, : 400 LB

H ' BOOM NO.I|
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) ! SOURCE CONDITION AXIAL |reawsvense
. x103 | xi10?
I +0.244 -
342 FT n — _
m — —
r —  |roan|ly
'4 +0.043 [+0.507|In
. m = -O.Isslly
- 5 ¥ t0043 | —
v i —  |-0472]|x
2616 FT X +0.000194 —
o | soLar pressure
= | HITs saTeLLiTe |Xo.722 —
v NORMAL T0 THE SAIL :
B:69°45' saiL
k| IN THE orBiTAL (Y0310 | VERY
= w | PLANE SMALL
>0 :£9°%ac!
WEIGHT OF TETRAPOD =< ﬁoﬁ?« ::.s'r?#'ue o »
s (C]
Tle.5ts VO Y1 ORBITAL PLANE 1
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®  SYMMETRICAL SATELLITE INERTIA
* PARAMETERS DURING DEPLOY MENT
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ASYMMETKIC Sflffll lE INERTIA
PARAME. 7[/(’5 DUKING DERLOMENT
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Z
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CONDITIONS !
a. OUT OF PLANE TUMBLING b. INPLANE TUMBLING

s7EARTH

Foeces: F(ﬂ,(ora),wo,w, Il—;i’- ,x,y.Z)

AMES DAMPER

FORCES:
FUNCTIONS OF
SPHERICAL COORDINATES

8, £, ¢ (sreav or x,y.Z) V4

APEX // 70 okBIT

FORCES § MOMENTS FRoM
DAMPER § YAW RoDS AND
FROM CANISTER CONCENTRATED

MASS ;
GOODYEAR AEROSPACE




TUMBLING APPLICATION
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DAMPER

seLoCTy
Weerge - — —

TUBEDNA, = / 48 H.

dz'a/m =35/m

Sremo & 90 .
I rorme ¥ 75 W.
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SEPARATION VELOGITY

STRAIN ENERGY

257
STl s . RECOVERY VELOCITY
/
&< stoam eneesy 0 .
83,5“ : s ,'/’ ,
Sz s ¥ 054
R /0t J ]
oA /. STREss g |
Re £ 0 5 3 & & &
88’ 7 | srress “0.(ksly
g'T,E / . _ ‘ o 224 LBS 224 LBS
® o I+ 2 3 & & \ |
STRAIN € Lim/in.}x 103
ASY MMETRICAL ng— —r
: FPs
KE= VomVii=376 in. [bs 3 FPS 3 FF

WIRE YOL 26.% Cu IN.

STRAIN ENERGY] MAX | v, RETURN
BOOMS EFFECTIVE| DENSITY | STRESS Ns veLoaity (Fps)

[ 14.23 |5500 | 0.38 .14
3 4.75 |5000 | 0.52 .56
ASYMMETRICAL 772 LBS

o Ly2 M. M, }
A€ =7Vs T 413 LBs
= 440 IN. LBS s
YV« 0 VS = 3 FPS
GOODYEAR AEROSPACE
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WEIGHT TRADL -OF /
3
2
SATELLITE
oo £ LENS,
= 7 /‘K
? y 4
§ 1/ /INFLATION
/T 7 SYSTEM —|
4
; / // /ﬁ
2 / // Y~ ToRus
9 yi / //
H /17
: 7/ 1/
J /7
¢ V4
4 /[ /
Q :
b 3
e | |
/0 20 30 20 50
LENS HALF ANGLE, © - DEG ORBITAL

SYN 10,000 6000 4,003,000 2600 7.500 ALTITUDE

GOODYEAR AEROSPACE @;
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" WEIGHT - SAYING STUDY

- 65 PROJECTED | POTENT/AL
ITEM PARAMETER| VALUE | VALUE | MEIBHT SAVING
LENS MATERIAL | w 207 16° | r297x 16B/W* | 32108
LEA/VSVMA‘IER/AL N 3792 ZMN 0471 LB/IN 294 L8
TORUS MATERIAL | Fr[?T | -263xi0'm | SAME NONE
BOTTLE WATERIAL | R /0 | 10°mW | 18x10°N | 9518
INFLATION GAS |m | 4 SAME NONE
® ceomeTRY | r/R | .02927 | same NONE
FS.TORYS PRESSURE) 4, /25 /10 37L8
ES.TORUS STRENGTH | 4, /.25 SAME NONE
INFLATION SYSTEN a5 112 SAME NONE
FS BOTTLE |4, 3.00 /.50 /03 LB
GAS LEAK £ RESERVE| 4 3.04 | 2.00 77L8

GOODYEAR AEROSPACE

A-18



Appendix A

SP-3683

SOLAR SAILING AND

STARILIZATION REQUIREMENTS
SOLAR SAILING
MOBILITY 100 DEG /MO.
MODES - BUILPUP/DECAY/STANDBY
" YAW CONTROL CONTINUOUS OR DISCRETE

TIME CONST 25 ORBITS
TOLERANCE 10 DEG/ 30 DEG

STABILIZATION
ROLL AND PITCH
TIME CONST. 8 ORBITS
TOLERANCE 3 DEG

ECCENTRICITY BUILDUP 5 PERCENT MAX
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INERTIA RATIO (NSDERATINS

PRINCIPAL TRADE
" RESTORING TORQUES
vs
WEIGHT AND SIZE

VS

PERTURBING FREQUENCIES

PERTURBING FREQUENCIES
SOLAR PRESSURE 0, 10y, 20, ETC
ORBITAL ECCENTRICITY 1w,
MAGNETIC FIELD Wy, 2Ugy, 3Wq -




INERTIA U770 MATUEL

FREQHENLY Map

-

YAW MOMENT OF INERTIA
PITCH MOMENT OF INERTIA

10

© ©o
Qo v ]
|

© o © o
o

o
o

o

~
T

=

)
=

05 06 07 08 O
ROLL MOMENT OF INERTIA ~

PITCH MOMENT OF INERTIA

ROLL NATURAL FREQ
ORBITAL FREQ

DUMBELL
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OPTIMUM
REG/ION

Gyaw = .55 4
YPITCH = 1.55 by

WroLL = 1.87 W,

093 71-,';%’% o7

I yaw
I piren

oooooo AEROSPACE

0.5 < {o0.20
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ITIZL PITCH TUMELIE ML 22, s

CASE | CASE 2 CASE 3
CONFIGURATION
———
142960,000 [I,:960,000 |I,:1,920,000
1y 1,000,000 |1,:1,000,000 |I,:2,000,000
PERTURBING I27 122,000 [I,:122,000 [fz* 122,000
SOURCE TUMBLING IMPULSE | TUMBLING IMPULSE | TUMBLING IMPULSE
2861 LB-FT-SEC | 2861 LB-FT-SEC | 1928 LB-F7-$EC
INITIAL PITCH ERROR. .
RATE =} w, 620 620 1240
INITIAL PITCH ERROR
- 30° 430 430 960
YO-YO DESPIN
UNCERTAINTY éé 66 6é
INFLATION GAS 21¢ 288 432
ESCAPE /IOSO /l4oo /2160
SOLAR PRESSURE DURING
PHOTOLYZATION 15 oo 1500
HOTOLYZATION PARTICLE
gjoETC'.I:ION A NEGLIGIBLE NEGLIGIBLE NEGLIGIBLE
ORBITAL ECCENTRICITY
e:.02 ’ 30 30 2o
ALGEBRAIC SUM OF
IMPULSES 2241 3686 5946
MAXIMUM TUMBLING
RATE RAD/SEC 3'55‘% 5'9% 4.7,
RSS OF IMPULSES 1320 1960 30é€é0
PROBABLE TUMBLING
RATE RAD/SEC 2.5y, 316w, 247,

GOODYEAR AEROSPACE @
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AANTY HUDENT TUNPERS

————

DAMPER AMES R/wW MAG. HYS,

F

:

¥

C

3
DAMPING ‘
FIME VERT 5 4 20
CONSTANTS,
ORBITS YAW 8 25 50

. STEADY ° ° °

CTATE VERT 5 3 |10
ERRORS
DEGREES | YAW 8° |5° 30°

UPRIGHT CAPTURE DESIRABLE DESIRABLE NOT NEEDED

TUMBLE CAPABILITY LIMITED NIL UNLIMITED
HiGH ALTITUDE

CAPABILITY SYNCH SYNCH LIMITED
COMPLEXITY HIGH MEDIOM LoOw
WEIGHT & 115 LB 15O LB 50 LB

* INCLUDES 5018 OF WEIGHT TO ESTABLISH YAW STIFFNESS
PP GOODYEAR AEROSPACE @
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DISCRETE YAW CONTROL

TWO MODE FLYWHEEL - FIXED WEIG/ITS

EMISSIVITY
SURFACES

DECAY BUILDUP
'/ v
A ZT ! 4 T 3 @A B¢ T 5
3 8 5 2 7 4
4 7 6 I 8 3
| 5 6 B B 7 8 | 2 A
BUILOUP STANDBY DECAY

THREE MODE - MOYEABLE WTS - DAMPER BOOM
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- CONTINUDUS Wil CONTROL

MOTOR MOTOR

| /
/,,
/
\ /
\ / /
\

SINGLE YAW YAW BOOM

CONTROL BooM WITH PAMPER
BooM
OOOOOOOO aenoseact
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AN Y /////f/////f/ﬂ/ﬂf

o

DAMPER - HYSTERESIS DAMPER - AMES
YAW CONTROL - FLYWHEEL  YAW CONTROL-BOOM DRIVE
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CONCLUSIONS £ RECOMMERDATIONS

CONCLUSIONS

GRAVITY GRADIENT STABILIZED LENTICULAR
SATELLITE IS FEASIBLE

SOLAR SAILING OF LENTICULAR
SATELLITE IS FEASIBLE

RECOMMENDATIONS

CONDUCT FURTHER SYSTEM STUDIES (NASA,
IN-HOUSE, INDUSTRY) TREATING AREAS SUCH AS
COST EFFECTIVENESS
MULTIPLE ACCESS AND TERMINAL SHARING
ADVANCED SATELLITES
OPERATIONAL MODES
GROUND ENVIRONMENT

DEFINE FLIGHT TEST PROGRAM

CONTINUE R AND D

R-F PERFORMANCE

MATERIALS, STRUCTURES, TOLERANCES
STABILIZATION AND CONTROL
STATION KEEPING

GROUND MODELS AND TESTS

GOODYEAR AEROSPACE

_}5_
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STUDY OF LENTICULAR SATELLITE WEIGHT

INTRODUCT ION

A Ggreliminary design for a gravity gradient stabilized lenticular satellite
(6282) was presented in reference 1, This was designed for a 2000 MX

circular orbit and had a lens radius of curvature of 200 feet and an included
angle of 84°, :

In the present study it has been established that a design (GZSL‘) incorporat-
ing solar sailing can be achieved for a modest increase in weight, In making
‘this gtudy it was assumed that the lens, rim, torus, and inflation system of
the G252 design would also be satisfactory for the present study. This is a
satisfactory approach to study the feasibility of adding solar sailing to the
lenticular satellite, Having established feasibility and a preliminary
design for a particular case, it is now advisable to study the effect of the
various design parameters on the satellite launch weight.

The objectives of this study are:

1. To present satellite weight in a manner suitable for a
system study,

2. To evaluate areas of potential weight reduction.

Derivation of Weight Equations

The major portion of the launch weight of the satellite, Wg, consists of three
items:s the lens, W;; the torus, Wp; and the inflation system, Wy, The lens
performs the primary function of the satellite, reflects microwave energy, and
so its weight can be expressed in terms of the principal microwave parameters
p and 8, the radius of curvature and half angle respectively. Turthermore,
the torus and inflation system are only erection aids required to rigidize the
lens and their weights must be functionally related to the lens weight, For
the above reasons it is convenient to identify the sum of the weights of these
three items as:

From the weight statement for the full scale lenticular satellite appearing on
page 23 of Reference 1
Wp = 552 +117 + 233 = 902 1lbs.

Ws 1250

B-1
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For this particular case Wp accounts for 72% of the satellite weight, The
remaining 284 is in items such as rim, damper system, canisters, etc.,, which
will obey different sealing laws than Wp, It appears reasonable to assume
that the weights of these remaining items will increase or decrease if W
increases or decreases and it is suggested for a first approximation thag

where for this particular case

w o= 22 - 15

Present studies concerned with incorporating solar sailing on the lenticular
satellite are not complete but indicate that the weight increase will be
modest and that Wp will still account for the major portion of the total
launch weight. So for the advanced configuration it is suggested that

where by is to be determined at the conclusion of the current program,

Attention can now be focused on the determination of Wp. The geometry used is

shown in Figure 1, The lens weight will be considered first. The total
surface area is

Eq. L A, = lmp?(1 - cos ©)

and multiplying by the unit weight of the lens material gives the total weight,

Eq. 5 W, = low p2(1 - cos 6)
The torus area and weight may be written
Eq. 6 A = lmPr(R+r)

Eq. T Wp = LYy rt(R + 1)

For this study it is necessary to rewrite Equation 7 in terms of the basic

parameters of the system, It should be noted that the torus must satisfy two

criteria - wrinkling amd strength, note page 106 of reference 1.

B-2
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The torus loading, q, is radial and depends upon the strength level, N,
required to rigidize the lens and is given by:

Eg. 8 q = 2N cos &

The pressure required to satisfy the wrinkling criteria is given by the
condition

9 2a; NR cos ©
Eq. = —
q Pp )

where a is a factor of safety on the torus pressure.

The strength criteria is

Pp T Fp

Eq. 10 e (2 + r/R) = —

q | " ( /R) a5
where ap is a factor of safety on the strength of the torus.

Solving equations 9 and 10 for rt yields

ajap Np( 2 + r/R) cos © sin ®

» 11 t =
Eq r T Fr

and substituting the above equation into Equation 7 yields an expression for
the torus weight in terms of the desired parameters.

Eq. 12 Wp = lmalaszz(—i?-r-) (1 + r/R)(2 + r/R) cos © sin® @
T

The inflation system weight, Wy, consists of the sum of tle gas, bottle, and
hardware weight. ¥Trom page 23 of reference 1 it is apparent that the hardware
weight is small compared to the gas and bottle weight and so the inflation
system weight may be written
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Eq. 13 HI = 33(WG + WB)

where a3 accounts for the hardware weight.

The gas weight is given by the standard equation
', » _ ?v _ mpV

where the factor 12 is introduced to keep the length units in inche

and the weight of the bottle is given by
) 38, Tp
Eq. 15 C Wg = o (g v

where a), is & factor of safety on strength of the bottle.

Substituting Equations 1k and 15 into Equation 13 gives for the total weight
of the inflation system:

= m 33, g

3,

The quantity pV must still be determined., Both the lens and torus contribute .

to this quantity and it may be written

Eq. 17 pv = Pqp Vot Vg
The pressure in the torus is given by Equation 9 and the lens pressure is

2N

Bq. 18 = —

9 PL=

The two volumes are given by

Eq. 19 Ve = 2n2r2 p(1 + r/R) sin &

Eq. 20 V= 030 - cos 8)2(2 + cos ©)

Bl
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Substituting the above expressions into Equation 17 yields

Eq. 21 pv = laaSsz[al(l-PE)cose sine+ %’(l - cos 9)2(2 + cos 9)]

where ag is a factor to agcount for gas leakage and reserve,

Substituting the above expression into Equation 16 gives the inflation system

weight in terms of the desired parameters.

2( m 33y, TB

+
18,500 T 2 L

Eq. 22 W1 = lmajachp )

x[al(l + r/R)cos® sin® + %(l - cos 9)2(2 + cos 6}]

The satellite weights have been derived in terms of the principal system
parameters., The microwave parameters are p and ©, The material parameters
are w, N, “(‘T/FT, 'p/Fp, and m.

The reliability parameters are a), a,, a, and ag.

~

The equations required to calculate the weights are 1, 2, 3, >, 12, and 22.

Check of Weight Equations

Before examining the weight equations in detail it is advisable to check them"

against the weights in reference 1, Only equations 3, 12, and 22 need be
checked, All of the parameters for the lenticular sztellite are listed in
Table I along with the page in reference 1 from which they were obtained.
Substituting these values in the apprcpriate equations gives

6

Eq. 23 W, o= 373.2x207° p°(1 - cos ©)

= 552,15 1bs, (552 Ref. 1 Value)

~

-6
Eq. 2L Wp = 5%.1x10 pé cos © sin® &

= 113,29 1bs (116.6 Ref. 1 value)



Appendix B
GOODYEAR AEROSPACE CORPORATION

SM-8821
11-20-6L

"

1
Eq. 25 Wy 16.23x10'6p2(.h069+h.50) 1,2866 cgs@sin29+ 3(1-CCS9)2(2-10039)

= -6 2 oo, Lo 2
= 79.6L4x10"%p° 1.2866 cos6sin<e+ 3(1-cos 8)" + cos 8)

221,02 lbs, , (233 Ref, 1 value)

The lens weight checks exactly and the torus and inflation system weights are
about 3% low, This discrepancy is caused by the fact that in reference 1 the
torus was conservatively assumed to be loaded at a radius of R + r instead of
at a radius of R. Therefore the loads and the weight are high by a factcr of
1 + r/R or 1,02927, This same factor also applies to the inflation system
weight, It is concluded that the weight equations are correct.

Discussion of Microwave Parameters on Weight

There are many factors, such as; ground stations, orbits, etc., that must be
considered in determining the optimum communication system, It is not the
intent of this memornadum to study the effect of these factors on the satellite
weight but rather to present the weight in terms of the microwave parameters
that are defined by these factors. These microwave parameters are lens radius
of curvature, p, and included angle, 26,

The equations developed above are in form suitable to determine the effect of
the principal microwave parameters (p and €) on the satellite weight, ¥rom
Equations 1 and 2 the lenticular sagellite weight is

where Wy, Wp and Wy are given by Equations 23, 2L, and 25 respectively,

Inspection of these equations shows that the launch weights of the lens, torus,
and inflation system are each proportional to the square of the lens radius,

It follows from Equation 26 that the satellite weight is also proportional to the
square of the lens radius, The general form of the weight equation is then

Eq. 27 W2 = f(e).
The values of f(©) have been calculated for 5 degree increments of S covering
a range from 10° to 45° In addition L2° has been included because this is the

angle used for the lenticular satellite. The values are shown in Table II for
the lens, torus, inflation system, and satellite, and are plotted in Figure 2,
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From Figure 2 it is apparent that the weight of the satellite depends strongly
upon the angle ©. Comparing 10° to 42° for example -

.“iq = 1h.53

W2 71387 -068

Or a satellite with a 20° included angle would weigh 6.8% of one with an 8L°
included angle if the radius of curvature of the lens is the same,

The same curve is also useful for making a stabilization system trade-off
study. The weight penalty for the satellite can be determined as a function
of the increase in angle ( /\8) and compared to the stabilization system
weight required to limit the oscillations of the satellite to this value to
arrive at the optimum arrangement, In this connection it is pertinent to
note that the percent weight increase per degree decreases with the angle ©.
From Figure 2 it is found that for

a, ©=10° ; Aw =21 percent per degree

b, ©=L40° AW = },2 percent per degree
Another consideration of interest is the distribution of, the weight between
the lens, torus, and inflation system. This distribution can be readily
obtained from Table II. The results are presented in Figure 3 as plots of

percent of satellite weight against 6. The percentage of lens weight
increases with ® and both the torus and inflation system percentages decrease.

Evaluation of Design Parameters

An examination of the weight equations derived previously reveals that in
addition to the microwave parameters p and © there are many other parameters
that affect the launch weight of the satellite, These other parameters are
designated design parameters, herein, Each of these design parameters will
now be examined and areas of potential weight reduction discussed.

a, Lens Material

The lens weight is proportional to w (Eq. 5) and the torus and inflation
system weights are proportional to N (Egs. 12 ard 22). From this obser-
vation it is apparent that of all the design parameters the lens material
properties has the greatest influence on the satellite weight, For this
reason the lens material properties deserve special attention,
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The parameters w and N depend upon the wire and film properties and
dimentions, They are given by

2
x d
Eq. 27 v = Sy furt Ty
2
d
Eq. 28 N=£[l_S_Fy

For the G282 design the lens material consisted of one mil copper wire at
a spacing of 1/21 inches with a yield stress of 23,000 psi in combination
with 1/2 mil of photolyzable £ilm, The values for this material are

1:(.001)2 x.21 x 324

+ 40005 x .038

3
= (10,7 +19) x 1076
= 29.7x107®  1p/in?

v = x(.001)° xb2l x 23,000

«3793  1b/in.

It is interesting to note that the film weight is 19 x 100/29.7 or 6L4.1%
of the lens weight and accounts for 354 lbs of the launch weight. The
density of the film material cannot be changed but the possibility of
decreasing the film thickness should be investigated.

The wire material and dimensions were dictated primarily by weaving
limitations, TPurther effort may be warrented to increase S and to
decrease T, of the copper cloth or even better to develop technique for
weaving wi%h small diameter aluminum wire., Another approach is to
explore the possibility of using filament wound material in which small
diameter aluminum wire is possible,

It may be optimistic but perhaps possible to develop a lens material
consisting of 1 mil aluminum wire at 1/10 inch spacing with a yield
strength of 6,000 psi in combination with .3 mil photolyzable film., If this
could be done then the lens material parameters would be

2(,001)° x .1

+ .0003 x ,038
X L1

wk

= (1.57 +12.40) 1070

= 12,97 x 106 1bs/in?
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2
Nt = ’-5-1‘3??1—)1 6,000 = ,0L71 lbs/in

With the above properties the lens weight would reduce from 552 lbs to
12.97 x 552/29,7 or 231 1bs and the torus plus inflation system weight
from 337 1bs to .OL71 x 337/.3793 or L2 1vs,, Jre satellite weight would
then be only 273 x 100/889 or 30.9% of the G°S° weight.

Torus Material

The torus weight is proportional to TT/FT (Eq. 12) and does not affect
the lens or inflation system weights. At this time it does not appear
feasible to decrease b"T or increase Py in an effort to improve this
ratio, Furthermore since the torus weight is the smallest of the three
that make up Wp, improvements in torus material will have a correspond-
ingly small effect on the total weight,

Bottle Material

The inflation system weight is proportional to the sum of the gas and
bottle weights and the bottle weight is proportional to 7'B/FB (Eq. 22).
Titanium was used for the bottle and has a value of Fp/ g of 10° in,
‘Literature from manufacturers indicate that values of 1.8 x 106 may be
attainable with fiberglass bottles, Using 7}18/?*3 = ,555 x 107° and
Equation 25, the new weight would be only .

(4.50/1,8 + k1) x 100 _ ,_
TSRS = 59.2%

of the G232 inflation system weight or a reduction in weight of 224 x .18
= 93 1bs,

Inflation Gas

The weight of the inflation gas is proportional to the molecular weight, m.
For helium, m = L, and the only gas with a lower molecular weight is
hydrogen with m= 2, This would reduce the gas weight in half but since
the gas weight is small the weight savings possible does not appear to
compensate for the increase in danger associated with hydrogen.
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Torus Radius to Lens Radius (r/R)

This factor affects both the torus weight (Eq. 12) and the inflation
ggstem weight (Eq. 22). A value of ,02927 was found satisfactory for

S2 and perhaps a smaller value could be justified, However, the torus
weight is proportional to (1 + 3r/R) and the inflation system proportional
to something less than (1 + r/R) and so at most a 10% and 3% reduction
for ;he two items is possible, This is not sufficient to warrant a change
in r/R.

Factor as

This is a factor to insure that the torus pressure is always greater than
that required to support the membrane loads of the lens, It has an
effect on both the torus and inflation system weights. This was rather
arbitrarily chosen as 1,25, A smaller value may be acceptable, perhaps

a¥ = 1,10

The new weight would be (113 + 224)1.10/1.25 = 300 lbs. or a weight
saving of 37 lbs,

Factor a,

This is a factor of safety against the strength of the torus and affects
only the torus weight, A value of 1.25 was used and is ifelt to be a
minimum consistent with good structural reliability. A reduction in ap
is not advisable.

Factor a3

This factor is simply the ratio of the inflation system weight to the
weight of the gas plug bottle. The value of 1.12 was determined from
the weights used on G°S“ and there is no apparent reason to expect it
to become smaller,

Factor ah

This is a factor of safety against the strength of the bottle and affects
only the weight of the inflation system. Since the bottle weight is
large compared to the gas weight, it has considerable effect, A factor
of 3 was used for G°S2 which is undoubtedly conservative, If this were
reduced to

8.*)4 = 1.5

the new weight would be 224(.Ll + 2.25)/(. L1 + L.50) = 121 1bs,, a
saving of 103 1lbs,
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Je Factor ag

This factor accounts for gas leakage and reserve and the inflation system
weight is directly proportional to it (Eq. 22). The value determined for

was 3,04, There are tw factors that warrant further study in an
effort to reduce leakage, There are the hole area assumed in the torus
and the time that the design pressure is maintained, Both of these
probably can be reduced and if the leakage and reserve were cuv in half
the factor would be

and the new weight would be 224 x 2/3,0L4 = 147 lbs. or a saving of 77 lbs

Each of the design parameters have been examined, potential improvements
discussed, and the corresponding weight savings estimated, This is summarized
in Table III. The column, 0252 values, are the values used in reference 1 for
the full scale satellite, The column, projected values, are perhaps optimistic
values of the design parameters that may be realized, The last colum is the
weight savings associated with the change of the particular parameter,

From this table it is apparent that a large reduction in launch weight may be
possible, The savings, it should be noted, is not the sum of the weight
savings shown because these parameters enter in most cases as products rather
than sums, The sum of the weight savings shown in the table is 926 lbs whereas
if all of the projected design parameters were used the corresponding weight
savings would be 642 lbs, The corresponding satellite weight would be 360 lbs
or 28.8% of the G252 weight.

The largest weight reduction, 61k lbs, is associated with the lens material.
This may be considered undully optimistic, however, it does demonstrate the
importance of the lens material properties on the weight and that efforts to
improve these properties should be given serious consideration,

The next largest weight reduction is in the gas bottle, Substantial savings
are possible (103 1lbs) by reducing the factor of safety from 3 to 1.5 or

(93 1bs) by using improved materials with the same factor of safety. A more
detailed study of the bottle should be made to select the best combination of
material and factor of safety required to achieve the desired level of
reliability.

Third largest weight saving (77 1bs) is associated with the factor ag which
takes into account gas leakage ard reserve,

The number of programmed holes in the torus for packaging and the time required
at design pressure should be investigated to determine whether this factor can
be reduced.

The smallest weight savings (37 lbs) is associated with the factor a;, the factor
of safety on the torus design pressure,
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Summary and Conclusions

l. Equations have been developed for predicting the launch weight of a
lenticular satellite,

2s The weight of a satellite based on a°s@ design parameters as function of
the microwave parameters p and © is shown in Figure

3. The effect of the design parameters on the satellite weight is discussed
and potential weight savings shown in Table IIZ.

L. That the weight of G2S2 could by additional study and development be
reduced from 1250 lbs to 360 lbs,

Se That prior to & system study the design parameters be reviewed and values
compatible with the development effort anticipated be specified.

E. Rottmayer'®
ER:zao0
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Area

Factor, defined in text
Factor, deefined in text
Wire diameter

Allowable stress

Molecular weight of gas
Yield load of lens material
Pressure

Torus loading

Torus radius

Satellite radius

Wire spacing

Film thickness

Temperature

Volume

Unit weight of lens material
Weight

Density

Radius of curvature of lens
Lens half angle

Subscripts

Inflation system

Lens

Lens + torus + inflation system

Satellite

Torus

Defined in text
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TABLE I
G2S° PARAMETERS
Value Ref. Pg.
2400 in 6
429 6 6
29.7x107° 1b/in® 149
.3793 1b/in 103
.038 1b/in3 1L9
10,000 1b/in? 105
.16 ° 1b/in3 Titanium
160,000 1b/in? Titanium
L Helium
530° R 612
.02927 108
1,25 107
1.25 107
1.12 Note 1
3 Note 2
3. 04 Note 3

From page 23 W1 233 1lbs
Wg + Wy = 208 1bs
a; = 233/208 = 1.12

Bottle weight calculation not shown, a factor of safety
of 3 was used,

Weight of helium to inflate lens and torus computed to be
5,60 1bs, Actual weight required including leakage 13,01
lbs. (Ref. Pg. 128) and 17 lbs (Ref. Pg. 23) was used to
be conservative, ag = 17/5.60 = 3,0L.
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TABLE II
Weight a3 a Function of ©
W/p2 x 108
8 Lens Torus Inflation L+T+1 Satellite
System
10 5. 67 1.76 3.06 10, 49 1L.53
15 12,72 3.83 6. 72 23,27 32,23
20 22,51 6050 11,55 40,56 %.18
25 3L.97 9.57 17.26 61,80 85.59
30 50,00 12,80 23.55 86.35 119.59
35 67,49 15,93 30,06 113.L48 157.17
10 87. 31 18.71 36,15 112,47 197. 32
L2 95,86 19, 67 38,89 15L. L2 213.87
L5 109,31 20,90 L2.39 172,60 239.05
TABLE III
Summary of Parameter Evaluation
Potential
Item Parameter | G252 Value Projected Value Weight
- Saving
Lens Material W 29, 7x10-6 12,97x107° 1b/in? | 321 1bs
Lens Material N . 3792 1g/n'n L0471 1b/in 29y 1bs
Torus Material Fe/ 8y .263x10° in | Same 6 None
Bottle Material Fg/ ¢'B 10° in 1,8x10" in 93 lbs
Inflation Gas m L Same None
Geome try r/R .02927 Same None
F.S. Torus Pressure | aj 1.25 1,10 37 1lbs
F.S. Torus Strength | ap 1.25 Same None
Inflation System a3 1.12 Same Nore
F.S. Bottle aj, 3,00 1,50 103 1lbs
Gas Leak & Reserve ag 3.0L 2.00 77 1lbs
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Maximum Tip_ DEFLECTION oF YAw Rob. — Aprendix C
- Force Con1po nils at Fie end 07/ /45 yaw rod,
7 | (See £ (3 of pose 4]
Vi w/;ere .
") x=dsimd= ounst Fh
—>x 2 =4 =248,16 F#
- 2o .
Jm = 322 ° 2621/ 5/(.(9,
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F =042 ‘lre )t S2) +2(0,41188)/%) 5102 )
VN . (6.411152) G115 L)(Z] 5102f

— 0wl (1= Ysiap) — 4 (245.08) 514 co:/J
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L <olpzyli [2- 5?/521 ¢ Loinef- mz/g_maa "Zzgj |
-6 é '5 . ? (‘5‘)
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the above Cgust10m s éecamc,,

/;, =10.0294 x/o.g /f,f- 3,/117 61;12/ ‘wfz/f)
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( ¢)
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Apvendix o
J126 Anp MAXMUM DEFLECTIoN oFf TerrAPop KHooms

For convemence AL X g forces andirhomen/‘.s‘ at HAe
ehapod apex due B Fp foads at He yaw and d/dm/oe’r rods

are summarized /n 7t ﬁ//awzéj Fabdle

()
TARLE 7: MAX. FORES & MoMENTS AT APEx DUE To Top LoAdS Ar Yaw & Démpee pop

£ £ £ Mu | My Mg !

¥

(/5] (/4] [B] | [im-16] | [iw-1b]] Liw-1b]

425104 | 16,8 %)Y

L0 L 1 oxist| 057

(8= 463) | (£=135%)\ (FF57)
2,72 /.32 0,85

SAME T (B =150) (p=180°) (/S’ =.5'oj

(B=135) (&=1325°)

P45 SAMEI Sﬂme1

Criteal 15 e condiFron &= 45°
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o My= 085 m-lb far Folal wesht of ol rour bosms
15 abput 75 /b, / Petereute 2 )

Ustng the notation of Feferemce 3 page J-3 rFhe

a J,-Lu ' 0/‘ /Zt éoom canp 5? 754074/ Ifam (faa»f/bn
s

po S ) TELY,
© = 2 PHE, §wsa

*) These ualees oF ,E— EM and e cafre.s/:ond/hj valies p?f e
anj/e /3 were 7Taken Hom /:/fu/c’s' / &2

S-2L
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Auﬁ:hj 4= 2008 ” ( Lw%; Zamefe:j
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£, = /07/0;/ (wire” modulus of elas /L’//)j
§ = 5= 20,0527 Padians
Mr=0 £ 1n-16 y
L =(cd8,164/33.65°) "= 28154 FF = 3384 1.
cosl, = A/,Z = 0 Efor2

e  adove equalson  yrelds

o= 79"
. /
71157 boom CZ/ﬁM[er D= /5¢& .

(//a/f /m/ /bAoié/)/&dé/e 7[//44 /L‘ uLed /‘n maé/hj 7//4 éaam.(.
Film dewsity = 0,038 16/ia3) .
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- -2
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Appendix D
GOCDYEAR AEROSPACE CORFPORAT ION

ENGINEERING MEMORANDUM REPORT

Decenber 16, 1964
SM=0834

Subject: Canister Separation Velccity Study

References: l. Mandel, J. A., Compression Buckling Tests cf Wire

1.

Film Cylinders, GER 11771, Goodyear Aerospz:e
torporation, October 196l.

2. Packaging Sequence, SP-2768, Goodyear Aerospace
Corporation, January L, 196l;.

3+ Marketos, Je Dey Tumbling fatellite, Goodyear
Aerospace Corporation Enginecring Memorandum
Report -8827, December 1, 156lL,

s Marketos, J, S., Asymmetric Lensat Configuration

with Ames Damper, etc., Goodyear Aerospace Corpecratior
Engineering Memorandum Report SM-8828, December L, 19€L.

Symmetric Satellite Configuration

Assume that the separation of the two half canisters occurs at a rate

of 3 Ft/Sec for each half (22} 1b, Reference 3 page 5), relative %o the
lens-torus=rim assumed stationary. The kinetic enerey of each half canister
is

2 )
KE = .2 MV - L _.?3_32.2_ F# = 31.32 Ft=1b = 375.8 in-it.

Figure 1 is a replot of Figure 9, page 59 of Reference 1 for aluminum wire
(dia. = 5.0 mil)s In the same figure, the strain enersy per unit volume

is pletted versus the strain, and in a table on paze 2 corresponding valuec
are listed of the stress, strain, strain energy per unit volume, and the
recovery energy, i.e. the strain energy minus the dissipated ensrgyv. The
axial wires in one boom (Reference 3, page 2l4) have a velume of

7(0.005) 2 {T9)  x 3384 or 261 in’.
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Stress, | Strain, Strain Recovery
Energy, .w| Ener 3 /
KSI | in/in x 107 |in-1b/in3 |in-1b/in 7
3.0 0.2 0.L5 0.15 i
35 0, 04775 0.613 y
hvo 0055 103h0 0.800 /
L5 Uetu 2.400 1,013 e
5.0 1.25 L 540 1,250 /
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Suppose that the energy of 375.8 in-lb. is stored as strain energy in
only one boom. This is conceivable because, in packaging the satellite
one of the booms starts getting twisted 25 socn as the rim starts
getting wound on the drum (Reference 2); therefore when the entire

rim has been wound, this boom will be the shortest of all four in each
tetrapod, When the rim is 50% wound two additional booms in each
tetrapod start getting twisted, hence their final length in the packaged
satellite will be somewhat larger than the first boom and shorter than
the fourth boom which has not been twisted at all.

In the case where the one boom is effective, the energy of 375.8 in-1b
would require a strain energy density of 375.8/26.L = 14.23 in-1b/in3.

As can be seen from the table of page 2 or from Figure 2 the axial
aluminum wires are stressed at a level a little higher than 5,500 psi, and
most of the energy is dissipated as plastic flow, The remainder of

the strain energy (recovery energy) is 1.560 in-1b/in” which according

to Figure 2 would cause the half canisters to return towards each

other at a relative velocity (with respect to the stationary lens) of
about 1.15 Ft/sec. Considering the smallness of the K.E, the low return
velocity of the half canisters, the fact that booms and torus would bhe at
that time in the process of inflation, and that some enerev has to te
absorbed by the undoing of the lens, torus and booms folds, it is easy

to visualize that the half-canisters will not return clear back to

their original position. There will possibly be an oscillation about

the final equilibrium position until the energy is entirely dissipated.

If three boans are effective the required strain enerev density would
be 375.8/(3 x 26.L) = k.75 in-lb/in§. This would cause an average of
about 5000 psi stress in the axial wires of these booms and a reccvery -
energy of about 1.30 in-1b/in3 (see Figure 1, graph or table) and
according to Figure 2 this energy would cause the canisters to return
at a relative velocity (with respect to the stationary midpoint) of
0,52V 4 Ft/sec or 1,56 Ft/sec.

Comparison of cases a., and b. shows that one boam effective is better
than three booms effective, because the former leads to a smaller return
velocity. In fact, with smaller return velocity, the inflation of the
booms and torus would be more advanced and the chances for faster dig-
sipation of the remaining energy appear to be better. The fast that

the recovery energy in this case is a little larger than in the case of
three effective booms does not seem to be as serious a problem as the
return velocity.

D=3
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Figure 2: Separation-to=Return Velocity Ratio Versus Stress Level In
The Axial Aluminum Wires of the Tetrapod Booms of a Symmetric Sptelliite.
V = Separation Velocity
Vp = Return Velocity VR Wy
Wy = Strain Energy (Total) Vs - W

Wp = Recovery Energy

Wp

g W Wy Wo/Wg W

3,000 | 0.L5 0.45 1.000 1,000
3,500 | 0.775 0.613 0.791 0.889
4,000 | 1.340 0.800 0.597 0.773
4,500 | 2,400 1,013 0.422 0.650
5,000 | 4.540 | 1.250 0.275 0,52k
5,500 | 10.58 1.513 0,143 0.378
6,000 | 23.23 1.800 0.0775 0.278

1.0

0.5

VR/V

Stress ¢ KSI D-l
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2. Asymmetric Satellite Configuration

Symbols:
M, = Mass of heavy half-canister
Ml = Mass of lens-rim-torus group
Vs = Common velocity (opposite signs} of two half canisters

at the first instant of separation
(Velocity of lens-rim-torus is zero)

Vg =  Common velocity of the heavy half-canister and the
attached to it satellite, as an increment or decrement
of the orbital velocity

Equations:

Conservation of Momentum

) Vs ¥
VF (Mc + Ml) = VS Mc or VF = m (l)
. s 1 2
Initial kinetic energy: g M, Vg (2)
Final kinetic energy: _%'- (M, + M) VFQ (3)
Energy to be dissipated,
1 2. 1 2 _
AE - ~5- Mg Vg e (M, +My) Vp© -
M 2 1 M. M
1y 2 [M - S (M, + M) = e V82 ‘_m_c_._..;..___
2 S ¢ (MG +Ml)2 c L 2 M. + ¥y

Noting that M, = L13 1b, My = 772 (Reference lj), the above sqguation yields:
AE - (“éé_9)v 2.,
g 8

S
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12=16-6k
SM-883L

Comparison of this energy to be dissipated in the satellite, with the energy
1 __22h v 2
y s

..... of the symetrical conficuration (see page )) shows that the
former is by about 20% larger than the latter, hemce the erergy dissipation
problem here is for all practical purposes iaentical to that of the symmetrical
configuration.

Janec O Markotos.

James D. Marketos
-Structural Analysis
Department 456

J, f DA (: E:IS’
Go L. é%ﬁesen, Mama ger

Structural Analysis
Department L56
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Appendix E

(oo DYEAR AEROSPACE CORFORATION

ENGINEERING MEMORANDUM RePoR T

Dec. 14 , /564
SM 8 247

SuB)ECr: S ymme/n'ca/ Sartefite Con ﬂfura e
- Momen?s of Inertia_aboul Frincipal Axes
Durrtng Various Stages ¢ d Dep/a)/meuf?

e Ferences

/. As /ymme’/r/'z Lensal '(pn//'jara//bn, with Ames
, Dam/oer-. 72?’!'4/:0 Size Ltc... , Goodyear Hero-
Space (ar,oam #on é;vj/'ﬂeer/;oj Memoran duns fe/barf ,

SM 828 , Dec. 4, /1564 .
2. ﬁa.//éfyf'/)/ J?‘uc/)/ and /Dre//‘nw.nar/ Délffn p/

éraw'/)/ Gradﬁ'enf S faéif//éec/ Lenticutar Tes”
Safe///'r‘e} Iotersny Technseal fe/ya/fj ContracF

NAS-/-31/F GER 11502, June /56¥.
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Appendix E

Sy mme/r/'ca/ Sale fite Con ﬁ'jard Fron .

E7ua/ we/j/)fs at Fhe fc/ra/wJ apeces : 184 /b

Sm'/ 7‘0/&/ area @ Cx Yoo = Eooo F*

Sai/ Fo 72/ We/'fA/‘ : 22 /b

Yaw control i Two -2016 masses /Jocafed on At prmm .

(/)o the orbrtal /b/ane ander norma/ .///jéfj.

Loordinate oaxes: _
x-x Lol axis (Tdnjenf ﬁér‘é/.f avéln Jafe///ile'

1€ 1 normal ///félj
y-y Fikh axes .
2-2 Yaw aws (Lom/ vertical ander satellite
norma/ ///_'74;‘} :

/?equ/remenf.’ I"”'/Ig‘.z =6 (0/9‘-”'4/’."”"./) .

Airume a net weght (pné/ wore ma/?r/a/) of 751 For
eack fc/ra./'aai, '

v 2
One sauydrea.‘ -2"‘ é_k_é = -ﬂg 4000

20 20
. J4o00 Z,
or A —'—“/33'? :.54‘57‘[3—;;.

Momants of merta of /r/'anju lr /)/a fo
aboul centro/dal axes ( See stetef on #e r_/;é/)

2 t
T Wh "
4 |§ tL
I%.:_‘Wa | /

24 RO ’
1y= Iy""I;.” %{ah +3a ) e— a—3|
"w': Pla'}-e wen'gu' (: o Ib per +r ;aﬂﬁ. SWQ

w-2



Aprendix E

for Mamenf.s a/ /he/'}t/'a a;[ éoam: aéoa)‘ (ew/ro/Ja/ axes

see ,eelérmre /, fege 3.
’ » Distme|  Lr-x (Rowr) Ieg ( yaw)
éanﬂ,oonenf Weig 4 T 2 -
‘ [/é, 4 LB-FT LB -FT
LENS 19,0 Y] 1,112,874 1,868, ¢56
1977 100.¢ 0 §47 34 ¢ /, 7%%, 696
CPPER orlowere M| /SUD|l 2, /94 Z* o
s v 2 SANN ()0 Braswrf ) (2)
$ 9 ¢ 7’576%)1 75,0 | 2o/ | (3) “4).
Yaw (onrrot Y.01 O o 716,420 .
(1) : /.0 (RA * ("20-—4) J
) 1o (—)( .
- b2 2
3) 25 fze cTYL, 7;5 28 (e+2g )= 223,70 + 2527

(4) %ik = 26R* = wyses Fiiun.

Thew !fuafr'dn Ley=6 l_zoz leads o

2 2
1,112,875 +899,346 + 348 %, + 22 [/.smz. + ;”_;_7‘.’-_5 +(é,-£¢év7/Z)J
. o

P2
toWYI56/ 450 8, = ¢ [/,95(/,&,:47‘4775;6% * zz{"_____f/;“}

2 (s1561) + 7/é,¢zoJ

. 2 22294. 6 -
or 2, + 00932 Z, — 03965 Ve, — — 64397.& =0

o

260,33 FZ

il

740m WAI'CL //y 74/?/0!7&' 4""”') Z’a'

=3




Apvendix &

beigris and iiomen?s of /nerlia al He Fral Sige af'c/!/_cé/_/_;ﬁ'f

~saw (4000 £Y) 2 Reqd ( o8 EACH>
4 Rooms: 75 LB.
( Two TC‘h'aPodS : R(q\d.) .
Weran v bl&jhucg 1, (Ron) Iy-Y(Pcrcu) I:-2 (YAw)
ComponEnT (Les] FZ{?-,?" LB-FT" LB- FT" LR-FT
LENS 1940 | © 1112896 | 1,112,875 | 1, 568 5%
RiM /00,% o 859 34& 595 348 | 1798 656
UPPER MAasS | /o4 0 |260,3 /12,487 10¢ | 18,¥67,10Y 0
LoweR MASS | /g0 [260.3 [2,467,104 |/2,467,/0¢ 0
UPPER SAIL 1.0 | 2044 L6 § 056 464, 373 3, 92¢
LoweR SmiL | /1. 0 2044 | 466096 Y6, 373 3924
Uprer Terrapod| 7S5,0| /250 | [,9/7, 680 4,917, 6§09 4y7, 56/
Lower Teteard| 757 0| 1e5,0 | 1,977,660 LF1,680 | wy7, 56/
Yaw ContRoL! 2.0 0 o 776,420 2/6¢920
S — S4717,987 } 32,426,961 | &, 280,952
-
Lxox - 400 ;XL o022
I?’Z =%
/n YLl 4 7%6 u/e«;géf Zreaé a_/awv; of ;‘Ae varrous Co;u/?oneu/:
and . 14e dimensiony of e satelite are showu.

By




L1 VA

il CHMAH TTSIS T NAS TINCIUYS IO FITTILLS
a 2201 = xxH\\i.N 219 9076 [0/ X LQO "] :*4T 22/~ 25 43m07 “
: [}
.m - 9 = 221/% 214 915,01 X $86°0 = xxH . u
AS6 8 i IHIIgYg =T 1 ems oix 90 - 2
0 . . p.. — |
Loyl <V 10l (21D s 14 %@M
407 SAS NOLLYYVSIS 2783/ Lol K
<5/ Stioogy I v I Syo
Y SYo 2 S6  WilsAS Neuv1iN
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Appendix E

Satelite moments of svertio about priveipal axes,
and epecially ratios of Sudk moments of swer Fra
ave lritical for e syecessbul doplyyment of He
s.afe////e.. To show A(w Suck fuau////é.r veiry o’unéj
variows  sleges of deployment hve key pontisas
were yelected (See Fable of page 8). The
fnt  given 1n tack <tuge of deployment

a Fher | teperatiog Ao He vehicle

Foure | shows. #e camister /sec. affer Separatio
From ht vebicle , but befure Hht  cansiter seporation.
Figue 2  shows Fhe Safelte al fhe 100 sec,
peuitimg with He camister fulve fully extended,
Jwit betore 1oflatine  Starfs

Figure 3 represents Ptht satelife with Torus and
booms Ay inflated | just prior Fo lens o VoTiu,
Frure & shows fla safelfe  filly int/ated and
rigidized but fetore c/aM/:er /z//oym?wf |
Froare 5. Shows Ht operahoral Stage of fla

Satelite, 1€ 10 hre atter separe fioy )u/l.}z /{e
bs
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a’am/m' Aty deployed, ond He lews and  Forug
fally /oéwé//aec/ Jand He yaw  contro/ maires
/>r0/:(r/y oriented refube to Mo diwectiom of
HAe sarls.

Lalewlations of moments of mertia oF the satellite
at Heee (fages are gues 1y poges T Fhroush N, and
Ju‘mmar/ table and  graphical represewtativy 4
Lyox

MOM“/.( 074 mertta and rettro .l-}-z. arve

gwew s page /2,

b7
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SYMMETRICAL — CONFIGvRal 1)
/ SEC /00 SEC "l 300 S£C -
o Q!
ToLo< d!c*o.q
(7
£ v i |
veg "
*‘ﬁi‘\s
|

\ e = /& SLUS Fr

4‘J1;y=/ #00‘5106 ,."a.z;( "(/ 7}}, S /n3 o \'/0‘
Lzz = .3 278»'/0‘5((/6 e

G rr

Tag ™ .33 x/o‘.sa/m’-l

620 SEC | /O /RS OELRATINAL
CoMPLETE @ * 4
INEearioN] ; @

.Z;(x}];/ ).3x /0 éste Frel Lyx =, 985Xk scue £/

IVY > L0007 x1088¢6 €7

Laaz/6¢ 106 £r*

—

58

[ o g g earger =t = gt A gt



Appendix E

Moments of [m-/a Abou? Conteoidnl Axes Dw‘mj-
Varrous Sfafes oFf Deployment.

a. / seec.
7;/4/ we/fé/ = /984 /L,

Avame Fhal He saledte wergh? /< .eme/ a.//.r/rz[ufed
wrthin a J/»{(re 0/ 2.5 FF ra /u:
Thty =/ = lz = zhf/ee_?.(/yw)(zr/ = 37/0 Ff-££

= /5 SLVg- Fr

4. 100 sec

WerGprs: .
Uprer Sive Lower Siof. Cewrce . Orwers.

/¢4 /84 §/2 /Sv
05 - £ () 22,
7 (6a1)
397 /52 §/2 /92
/Separa Fow Syslem 107 4)99, . o

’ _
* AT Cantrord
I Z, (29'3 +92 # f/é’f/79= /06 x 242 = 30452
Z = 3o¢:z//y7;z_ = 2/.0 F*

Momen/s ﬁff/lnirfgv.'
]2_} = (aéaa/ /Al Samy A4J /;; / .r‘ec) s .S'/uj-,'-'?‘2

Il s ngx(m 21) * /73 /272*2),» p12x2ss 5§ (r)(z12- »)°
o (7.r)/z;z 21 ) (2¢z—an—2// #11 (272 +z/-w)

= 323 x27/°+ 217 % 3/3 % grzx2s b 2z +//xz.>«/z

= 2372/, 4y3 + 2,269,273 + 3 38052 + ¢4$3)5t 710,764 = oo
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?

/.é“/(fx/oé StvG - FT°

—
-

46,544,592/ 1h-Fr®

/£

¢. 300 sec,
(Fromr Rererenvce 2, fPeje /4 f)
? componenr| & (Poca) | Tux, Ty-v
: _ LB-FT* LB- FTV.
T b £Im /798,696 97, ZYF
260.3 I Lews ® | 57109, ¥9e | 3087 0/9
Lo Y ToLyS 2, 2/4) 3S & L108070
i Sl N I 2, (*) Pheto fyzable Klne on
{ Y
-5 We;"j/v)‘s':
Ypper Side  lower Side  Contr Qthers
/64 184 §/2 1S©
' IQ{ 5’/649 22
7((7472
298 4 Y 1 820 /4 /72
LonProid
4 Z, = /Zf«?—/o”'/)*zdw = 29 474.2 2, = 20,1 F#

and_yaw controf ’ .
Excep? fr He sl Ha mwments of inertia I, £ Ly cornerde, Regdes,
fie dr/'gﬁfaf/w; m( }%I m/e////; /'S Hﬂ((/’/allﬂ So f»{bk/ ~7$/4 MOM(uff d;[
inertic can be congidered esual af 1his fflqje of /o/o/a)/meuz-.

f DISTAME MO PMENTS oF [/vELTIA |
Lomponent Wgiarnr Cfﬂz;&eog Ly Jy (Z/’,'Flﬁ IZ @’F r’j‘
YAwW (oNTROL| 4O 20./ {0 to 732,580 776 420 .

LENS &2 20./ 2,668, vv 0 4, ,94’4‘,769

Rim 1004 | 20,/ 234,610 1,798,656

T2RvS 117 | 20./ LIST, 3v0 2 2/4 352

UrpeR mass | 298 | 2402 17,193 406§ 0
lowep Mass | [§Y | 250, ¢y 1Y, 444, 128 0
Upree SArt // ¢4, 3 350,292 2524
lower Sa/L !/ (224§ §61,005 3952¢
Upoce Terem| 78 | 110.0 /,$§4,7S s wy?156/
lowee Ereamdl 96 | /50,2 2,33%9,25¢§ Y9756/
= = W BY430 b 42,000,850 70, 457,20C | w10

1 Y Y ———————- 5 rraet ~ 1= res #a ™y 4 ey

c—r
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Lys= Iy = (1282 % /.305/" x 10° .S'/uj‘_—/:fz
Lz-a = 0,327{/)(/0‘ J/uj.— Vs

I,_,,/[z,; = 2.9/ To 398/ .

d. 600 sec . ((Lomplere /'n)%r?‘/'w/.

. Weishts :
Upree” Sive lowee Sme  (ewrer OHhtrs
/84 /84 g2 /50
105 /7 (Gas) 22
287 4 /8¢ K §29 /b )72 /b
Cf204£naéf;
1474 &, = (sz-/[/gj X 200.3

For moments Ix & Iy sume as betore faoa.fec) ,

i 26T e\ MOMENTS OF WERTIA (LB -Fr__’jgff'\‘
COMPONENT . WEIGHT (’ElVi::IA; .1_),_, o€ Ir.r 2 fz—Z— ;
YAw Conren.| 40 /eS| 0 te 730,110 216,420 - 1
LENVS $&2 | /5§ 3,277,944/ | 5,/87, ¥96 0
£10 L 004 165 723,710 | /1,798, 696 |

. ToRUS //7 /&, § 1,146,113 2,214,382 |
Uppee mMass\ 28% | 2v/ & 16, §79,032 7 !
lowee Mass| /8% |27%,6| 14,302,217 0 ,'
Veren Se| 1/ | 185.F 3¢, 507 3724
lower A | /] 222,9 583,168 3,52y l
Urrer Terese 75 | /716 1, $84,347 yy1, 356/ |

lower Terriro] 75 | 195 6 2,303, 0% 4y7, 56/ |

] z— 91,373,759 or 42,083,367 19, 819, 734 |

'(*) The efect on Je, Tz of the gas /s the /ens é’ Foruy was M;/{c/ed,

B=-11



1

I~

X~ ¥

k—4

Lz-2

33[0;!/05/«5—» Fr2

=Jywy = (/z&f % /309 /X/v ‘S/"‘j’ F¥

Tas/Ty.a = 3824 7o 3873,

Summa

2

Appendix E

o Moment's oF Lhertia During Fhe Vearious J'/ay(.r 9
Zzp/o)/menf and éra///(a/ flf/ff?ﬁ/d?‘mv 0/ /’?Ju/f £,

SATEWITE STAGE DURING DEPLOYMENT |
/7€M | VmiT | Jsec | 100sec.| Foosec | boosec | 1O-HouES
: (oreLamovn)
WeisHT | LR /148y /474 /47 / /147 ¢ . 580 )
Lex (Roil) |Sts-pr| 115 1.0y Sx 106 |(1.292-1308) Vicsr- 308w | D588 00
Lyv-y (Pirew)] 2 u VAL g > > 1007 x10"
Zz-2 (vaw)| * 75 208" | 03278 210\ 0,3360x10% | 0.164 x0®.
Ix-x/ Iz-3 — L.00 | 1287 wi0¥ | 3.71~3.98( \3,52y-3.843) 6.00
| Zy.yf/Txey . | — fe OO /.00 2.902 <1018 10982-101% | (022

SYMMETRICAL LENSAT

Q
(¥
N
~
9 ?
/ ;

/ "

15—

rov
DEPLoymEVy TIME [sec]

/03 /',4/

174 '

Fi6, 1 : Barro Txifhy.q DORING DeEPLOYMENT

"

L
/

/0

v
/0%

102

oV

:'pr

DePLoyment Timg (g€

F16.2: VAWES o Teen, Iv-, z;-, e
DEPLOYAMENT.

. D Parkelos

2/954 .

=12




Apuendix F

GooDyeAr AEROSPACE CoRPORATION
ENGINEE pIng Memopandom Feporr

DECEMBER 4 /564
sM— §F2¢

Subject: Asymmelric Lensal fon Frguralion with Ames
Damper. 72 fa o/ r 7(:9/“ ]x—x/f;—z=5.0(ﬂftraf/bm¢y.
Moments of ger//é abowd FPrmeipal Axes Duriag
Various Stages of Deploymenl.

ReFerencEs.

L Feasi by Jf'aa//:/ and  Fre/iminary Destsy o7
Gravity-Gradienr- Stabrl 2ed Lenticular 7Tesl”
Sa*e///é'. I Tersm 72&:4;4/'(‘4/ Le arf/ ('0/4'6’4¢‘f
NAS=1-31-14 | GER-NSD2 ' June /(764

2, Stee/ ConsPruction . Marva! of 7%& Ahwericay |
lnstitute of Stee/ Cag;fruc//bu} /C/'r[fi £d: o
/7'/7) New York , MY , :
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LeNnticuisp SATELLITE

Asypme rricat  CovFIGorATION.

/’re///}wz}far/ e ",/CLae/af/'an: showed Pthal I//e //fLZ' g/’
e 7L¢/nﬂ/boc/ /f?r f(zm,)/f(yﬁm) =J.o) must be 2258, § F,

{

l lewrrod LlocArion ‘
® O psBug D |
- Componvent |WEIGHT M N D% ®
40,0 lens | /94,0 0 o
RI M /00,4 0 o
Booms M| 1550 | 225| 16068.8
\ . pros irea ey, 2670 | 4268 |122974.S
\ Rapsdmun: /26,0 428,85 | $399/,0
L Sewere | 190 | 468,85 | §%ohS
l BaLanweed San 22,0 % 22,v X
-] 2_ — | £28,4
L-- 2677~ 0y X = 20/,94%0. § 5. X= 250,42 Ft

|

2, Si3€ OF BALANCING  SPHERE {/@y Pm/:a,—f/bn/nj Ao e We.r//'»gé'mfe'.r
r.onfij wration — '.‘/floﬂ: +30 For f,s/mr ceuler 3 .S)vl. DA =37,J'F7‘-.)
Sate/ie cewlard [2)FF Ko Lews—R1n ceu#n'd)

A (14) = 7,(37'37?‘(430 -147) (/} :lens effective armj
A (250.42) = 7 D*(4685-250.42)

-D/W'J/}vj Hhete Fwo eguatows and .;a/wiy S D _y/é’/a/g/

25042025 S
D= 37'5[/7»‘7;7:1—/}72% = 37, /2,383 = 576 FE.

b -3 \ .
Astume 4 mil MytAR . WT= 7/614) [/a=z)('é ) 16 (0,05) = 1296 12 1g ((,,g(,f}

-

W) The w¢.-"'iéf of e boomi was Fakewn arbihe rfn_{;/ vou !t fo 75 /;/2_

For all four Loowms (21 wire mmatora {:) '

o ‘ o ’ | Fe?
LS Lorpiad Lo o

cieed [ TR N ¢ i : | i ! ' f : . [
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Appendix F
3, Ss2e f LOCATION OF BALANCED Sarc .

' j -
Area : #2000 Fr \

iaudu-— 03/247
= /9% el’
Baom /enj/( (/.?3 & f 42!5)

Cos ot = O.9545/ |

448.92 Ft

Equations

- (b+B) h=go00
J— 133,65 ' R= b-+o, 3|247k

R= (mos'+ L 2 "'B)(ozlzlﬂ)
E/lyminalion a/ A ¢B /faa/s 7Lo

(/_. -27355/ )-//7.66!/ o,

Soluing  this q.ml'/on yrelds :

4 = 72,90 F+

Thes , 4 = 43.50 FF
B = 6625 F+
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Dec. 2/é¢ . | Appendix.voi

4 MomenTS oF MWERTIA ABiT CENTRODAL AXES oF VA4LIWVS CoMPONENT S,

Ya)  SPuere. |

Totel weashr W o= 17w

Wesh t per S oot JF surfoce tw
Moment aboul any cen froidal avic

Z= :?E(‘/ﬂf't/)k =' 2W£zi'*
for 02244 FT W—M
I= *(m)(ze i)"—/afaé Fr=18,

#L) 757:4)’09 / Ser o ¢4 A’aom:) _
At 70 ta/ w&;(?‘ o -éoom: W (k75 /A)

. Momere? of one loom aboul axis shown /n .SAJCL.
)t
Fo lar moment of 1nerti ovf fe/m/:al,
b R —> IZ = 4= ___.Wkl .
3
For W= 75; R=133§65 )' .Z;_: ‘/97Jff.b’ /B-Ff.l

A%TS (Pocne)

e—-——-:

Moment oF mzrf/n 0/ all /aar éoaw: abodl _any axis />a.r/mj
Hrmg/ e apex & normal /ix— V)p/ar axis: I,

II.-: 2l + (—)(jw.w()(4}_
Moment of merba abodl any zenﬁma/a/ axis hormeal S Ke
/a/ar Ax/})

. L=, =1I- w/”/- v’ “’”Z W (et)

Hence I;f.", = Z:. /33, m'fuqfﬂ)- /1,87, 573 LE- Fr




Jom S o
Dee. Z_/é# , ” Appendix F

W = weight per unitFarea = é—;:—;,-p‘ppg7r /L/FTQ.‘
(). About 2-a xr'$

AI = —'Az(Zy)w- = -;—w s
But y:o03]247% 4

—(o,s:zu’l)(z-) (2 3/29’7)"

oy
o,oour /14,243,874-3,§04,610)= 23, 004 LB-FF
L8748 L

e
——

From ,?e/érm(e e /’aye 261,

3 .
I, =w? (4)(3 r 9/34*1. ?) - 127w (5[.2_;;1/,(5('4{,(/3,{0*4/3'9,')_
36(2) (B+4) 16 x/09,77 -

= /95./1(4394/ + 11,822,8 +/8%2, y/ﬂoozzs') G604 /4-,_-*3:

L, =T4L,= I, = 23004 +7604 = 32,608 /b~ Fr2

F-5
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35 Wnc,qrs <f MIMENT OF lué,(’f'm AT FIvAL STasE OF ZDE'P"uymgm

S T4

% ; : G.pm‘s7,(,F+
40,0 o

T

Yaw Ro®D

DPAMPER. ROD.

lguy| Jisfanee o} Competnt cg ) T Ty-y Ta-a
{omponenT VEDB(’] F«:?*ai):'ihws aﬂm‘&, (Rou'),;' (P'T"‘) ( YAw)
1oX Y tZ2 B -FT LB-FTY | LR-FTYV
LENS 194.0 l250.42 125042 © |13,592,205 (13,572,208 1,86¢,8¢6
Rimm 100. Y 2So0.y2125o042f O 1,145,450 7,145,350 79, 696
APEx mass| 287.0]179.0¢| 178.08f O 9,101 4¢S] 2,101,485 o)
YAW ROD 28013808\ 17908 O | . 223510 {1],062387; 210,000
Yaw MASSESEH] 40.0f — — | 150 | 1420924} 2,016,084 990,000
DAMPER RoD|  26.0) H1g.0¢{ 178080 O | 921573| 921813 210,000
Damper Masit) 30.0] — | — | 'S0 || 28888] | [ 2488%] | 475,000
SAl. | 22000 } O | O 22608 |  F6o¢ | 23,004
SPHERE J 19,01218,0¢|218,08] ©O 914, £71 QIYE71{ 10, Sob !
Booms (4) | 750 360113617 O | [464633) 164,635 1447, §95 |
I— 8294 36,867,140 137,578,013 | 6143, 777 |
ey _ ¢,000 3 (prrend | lo1q,
I (‘Mw\ T (Rou.) )
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Appendix F

Ve /V OMENTS of~ /Vé’fI/A Apoor C£ENTROIDAL AXES DUrING
VARIOUS STAGES- OF DEPLOYMENT.

a). / sec.
ToraL Welgnr = /368 /b

Assume  that the satell/te we/'j LF s
.euwé/ é/'sié/'éufed w//,‘/ m a S /b Lere of
2,5 FFf radig,

- ~ | 2‘ 2__ » - . ' R - 2
I, ¥ ZWR= ¢ (/35;)xg,zs 2Y20. L1B-FI
= /04,2 StVG- FTl.

WZ'IV'jA/'S',’ R :
“Urree JSiwe w413 LB
,E SPHERE 19
é,wu | G AS. Avi
T Wur $47 LB
‘ ZDWF( S1p& . . _
uSOF* s 5 M’L-‘-'-r772 LR,
Rooms- Saw. = 75+22= F7.8.

v’ l x
bw L Cewrrod i
SEMEMATIC ("947‘ 772 7"9"72 Xz 4"4«7\"51.(0 FGTY 2%

CONFIGURATION 13/ X = 223,875
X Z170.0 Fr

. Momen?s oF saertial
’ fz.a = déauf /'Q Sanst a5 1/ .fe(j = /04,2 S(,UG—/‘;L
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| 78
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X—x = '[

Urper mass = 4¥9> (‘/{0—/7&) = 35/Z0/, 400 B-prt
Lower may = 772 x /70% = 22 3/0, 800 y

Soom 5 . i(”/z ) x 450;2_ = 265 625 "'.
285 (225—-/70/ = 226 874
¢ T $7004,900

Ta-x = Iy-y = $7,004,900 L8-F7 t=1,832,450 Swé-Fr

¢) 300 sec.

Wez/z;é/s .
W, = HN3+/9 = ¢32 LB
EAIL =22 (L3
RBooms = 7§ L3
Jorus = 9 L3
Leay = 1994353 =552 LR
=59 /Q/m = /O3 <3
C.G Logprion : 130/ (%) = 250-[22,0) + 7r(z/91,:) +430x 428§
. - \ ~
X = /30 (5'500 /6088 59, j /SG F#+
- R 2 N e A Y W
lomponen . ce;vryxwz':_ Zy zZ, le :
[eB) | [F7 i
Wo Yze | 200 | 31v52,800 | Excerreoa mr| = O !
Booms 75 | SEE| 1605, 538 |\ guiurs ve | #7875
sAan 22 | g1.0| 203208 |NTE Vet 23,004
TorvS /77 159 | 4,065,949 ;’;‘,;;.’5;',;';;:3,,4 2,214 35,
g1 M /03 | 159 | 3803291 |5 epesneite| 1,798,696
Lenvs | $52 | 159 | 16,927,994 %ﬁ"{‘f,:,‘,’f,’.{;ﬂfh@ 794 765
2> /34 57,298,354 7,¢2£’ 7/5

Iy /13 =6.977 ( Tox= /779,359 Szua»Fr- Ji-2= 2;'25'/7 Sw4 Fre /

R



d).

JDM

Dec,

3 /¢4

oo Seconds, ((Wuf/e Te [ 7‘~/a't7'at1) .

G LocATioN :

/20/ ¥ =

Appendix F

250 (22) +75(2143) +

43 %4255 + 19X 4685

-
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207,44 Y

Xz /187, ¢

damper rod de;/p/eay

As sHowN N THE ANALYSIS

(/’aje s).

DiSTarcs /L/mueu 7S of /NERTA f
Component | WerGyr | S576 =Zy Tz (7o/or)
" (L) @NE:%'D (See case 3 3obsec)
Ws \9 | 302/ 1325519 /0504
W W3 | 24 | 29,907,302 —
Booms | 78 | 49 | /1,597,863 YHy7548"
SAIL 22 2/,0 203,2¢¢ 2300Y
TORVS 117 |/189y | 4, 080%8¢ 22/, 352
Rim 103 |/S9% | 386499 1,798676.
Leus §s2 | W9y | 11,119,93¢. 5,/62,476 .
Z— | 130 SE,24S 304 4,661,745 A\
e o boie I,.= 808 860 W6 £} Ty oy = 300, 662 SwW-Fr
I
‘e), 10 HRS — OFPECAT oNAL . (Torus- leus- Reoms P%ofa/yzea'; Yaw and

.1,-,‘-36067,/40 8- Fr? = /MY FH2 SLWG-Fr
Iy-y= 77,57% 073

Iz-2= 6,143,777

¢ = //6702/ 4
y = ’WIW7 y
’ IY- —/ 07
F=10
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& SUMMARY OF MOMENTS OF /NERTIA DuRiING THE VARIOUS STAGES
9F DEPLOYMENT, AND GRAPHICAL REPRESENTATION oF RssuLTs.

SArew.e Frases Doerng DVepeovmenT

/7EM Uwirs s
/sec /20 sec| 300 sec| gyp Jee 10-//R

OPERADvsE

Wewwr LB /36§ r~/3 /8 /30/ /30 | 831
Tou-w (ROLL) |SWG-F1Y| /04,2 |4832,4S0 [/,77,355 | 4.508 &0 (L /4494L
Ty-y (Prrew)| w 106, 2 (1,832,480 | 1,11935F| /60 840 167,02/
Ze-2 (YAw) ¢ |r706.2 | 106,2 | 242,8/7| 3, 482 \/ 72,507
Lu-x/ L2 - /, oo |17255.00 | 6,077 .016 | 6,000

Iv-v/Ix-% — /.00 /, 00 /, 00 /. 000 1,.0/%
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